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(54) Infrared focal plane array 

(57) A two-dimensional infrared focal plane anray 
comprising temperature detecting units in which the 
temperature detecting units are arranged for every pixel 
in a two-dimensional arrangement on a semiconductor 
sut)strate. ttie temperature detecting unit being formed 
integrally witii a thermal type light detector and a means 
fa detecting a change in characteristic of the thermal 
type light detector, the change being caused by an inci- 
dent infrared ray. 



wherein a temperature detecting portion which is sup- 
ported by support legs comprising a high tiiermal resist- 
ance nr^terial capable of controling a heat flow to tfie 
semiconductor substrate and has a temperature detect- 
ing element, and an infrared ray absorbing portion 
which is spliced by at least one splicing pillar with ttie 
temperatur^detecting element are providedJo^^^iy-L 
pixel on the senvcond uclor substrata 
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Descriptioii 

The present invention relates to a tvwhcfimensional 
infrared focal plane array iawNch a thennal type light 
detector is employed. 

The thermal type light detector absort>s the infrared 
rays, when the infrared rays are irradiated, to raise the 
temperature and to detect the temperature change. Fig. 
21 is a perspective view illustrating the structure of one 
pixel of the two-dimensional infrared focal plane array in 
which the conventional thermal type light detector com- 
prising a t)oiometer thin film in wtiich a resistance value 
changes due to the temperature is employed. Referring 
to the drawing, reference numeral 901 shows a sub- 
strate composed of semiconductor such as silicon. Ref- 
erence numeral 910 shows an infrared ray detector 
portion (hereinafter referred to as detector portion) pro- 
vided aaoss a space from the silicon substrate. Refer- 
errce numeral 91 1 shows a bolometer thin film formed 
on the infrared ray detector portion. Reference numer- 
als 921 and 922 show support legs for floating and rais- 
ing the infrared ray detector portion 91 0 from the silicon 
substrate. Reference numerals 931 and 932 show metal 
wirings for flowing current to the twlometer thin film. 
Reference numeral 940 shows a switch transistor for 
turning on or off the cun'ent flowing through the metal 
wirings 931. 932. and the bolometer thin film 91 1 . Ref- 
erence numeral 950 shows a signal line connected with 
a metal wiring 932. Reference numeral 960 shows a 
control clock line for controlling the on or off of the 
switch transistor. Reference numeral 970 shows a metal 
reflection film comprising the detecting portion and the 
optical resonant structure to increase the absorption of 
the infrared rays with the detector portion 910. 

Rg. 22 is a sectional view illustrating tiie sectional 
stixicture along the current path of the conventional two- 
dimensional infrared focal plane array shown in Rg. 21. 
Refeh'ing now to Fig. 22. the same reference numerals 
are given to tiie same elements as those shown in Rg. 
21 (same tivoughout the following drawings). Reference 
numeral 980 shows an Insulating film. Reference 
numeral 990 shows a cavity portion. Reference numer- 
als 930 and 933 show insulating fflms. Reference 
numerals 926 and 927 show contact portions. Switch 
transistor, signal line, control clock line or the like, not 
directly related to the invention, is omitted. A bolometer 
thin film is formed on the aforementioned detector por- 
tion 910. The bolometer thin film is connected with the 
metal wirings 931 and 932. The bolometer ttiin fOm is 
connected tiiroug^ the contact portioris 926 and 927 
with a signal readout circuit formed (not shown) on the 
silicon sut>strate. The bolometer thin film 91 1 and the 
metal wirings 931 and 932 are covered with insulating 
films 930 and 933 composed of silicon dioxide film 
(SiOa) or silicon nitride film (SiN) or the like. The insulat- 
ing films 930 and 933 form ttie mechanical structure of 
the detector portion 910 and the support legs 921 and 
922. The insulating f flm 980 is one for insulating tiie sig- 



nal readout circuit formed on the silfoon substrate 901. 
and the metal wiring 931 and 932. On the metal reflec- 
tion film 970 of tiie insulating film 980 is positioned a 
detector portion 910 through tiie cavity portion 990. On 

5 the surface of the metal reflection fOm 970 is occasion- 
ally formed another insulating film. 

The operation of the twodimensional infrared focal 
plane array using the thermal type light detector will now 
be descrbed. The infrared rays will be incident from a 

10 side where the detector portion 910 exists and is 
absorbed by the detector portion 910. Since the incident 
infrared rays can generate standing waves so that tiie 
position Gl the metal reflection film 970 can be a section 
due to the existence of the metal reflection film 970. the 

15 at>sorption in tiie detector portion 91 0 can be inaeased 
by the proper setting of the interval between the detec- 
tor portion and the metal oxide reflection film. The ener- 
gies of ttie infrared rays absorbed by the detector 
portion 910 are converted into heat to raise the temper- 

20 ature of tiie detector portion 91 0. The temperature rise 
depends upon the amount of the incident infrared rays 
(the amount of the incident infrared rays depends upon 
the temperature and the emissivity of the image objecQ. 
Since the amount of the temperature rise can b& 

25 obtained by tiie measuring of the change in tiie resist- 
ance value of the iDolometer thin f Hm. the amount of tiie 
infrared rays irradiated by ttie image object can t>e 
obtained from the change of tiie resistance value of the 
bolometer. 

30 When the resistance temperature factor of tiie 
t)olometer thin film is the same, the resistance change 
to be obtained by the incident infrared rays of the same 
amount becomes larger and tiie sensitivity becomes 
higher, with larger temperature rise of ttie detector por- 

35 tion. To inaease tiie tenperature rise, it is effective to 
make tiie heat escape to the silicon sut>strate 901 from 
ttie detector portion 910 small as much as possible. As 
a result, tiie sipx>rt legs 921 and 922 are desig ned so 
that tiie heat resistance may^be made large as rriudi as 

40 possftsle. It is important to make the thermal capacity of 
the detector portion 910 small so that the temperature 
time constant of the detector portion 910 can be sfiorter 
as compared with the frame time of the image device. 
Arthough the infrared rays become incident into the 

45 whole pixel, only a partial incident into the detector por- 
tion 910 contirftxjtes to the temperature rise of the detec- 
tor portion 910 (altfiough some infrared rays incident 
. into the support legs close to tiie detector portion 910 
are effective) and the infrared rays incident into the area 

so except for it become ineffective. As the resuH. to 
increase the sensitivity, it is effective to make tiie fill fac- 
tor larger (a ratio of an area of the detector portion witii 
respect to the pixel area). 

In ttie conventional structure shown in Rg. 21 and 

55 Rg. 22, ttie detector portion 910 has to be formed in an 
area except for at least the support legs 921 , 922 and 
the contact portions for connecting the readout circuit 
formed on ttie support legs and the silicon substrate. 
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The ffll factor is subjected to restriction in accordance 
with the design of the interval tolaance t>etween the 
support leg and the contact portion, and these portions 
and the detector portiori 910, thus interfering with high 
sensitivity. 

The problem becomes remarkable as the pixels 
become smaller, thus making it difficult to have higher 
resolution by using the smaller pixels in such a manner 
that the sensitivity is retained. 

The invention is achieved to resolve the aforemen- 
tioned problems. An object of the invention is to provide 
a highly sensitized two^limensionat infrared focal plane 
array having pixels capable of achieving the higher fill 
factor independently of the design of the support legs 
for forming of the adiabatic structijre, metal wirings, 
contact portions and so on. in a two-dimensional infra- 
red focal plane an-ay for forming the thermal type light 
detector on the substrate the same as that of the signal 
readout circuit 

The two-dimensional infrared focal plane array in 
which the thermal type light detector is employed 
according to the invention has, as separate structure, an 
infrared ray absorbing portion for absorbing the infrared 
rays to raise the temperature of the detector portion, 
and a temperature detecting portion for forming the 
bolometer tiiin film to detect the temperature rise. 

The two-dimensional infrared focal plane array 
using the thermal type light detector of the invention, 
witti the infrared ray absorbing portion and the tempera- 
ture detecting portion as separate sti-ucture, can design 
independently the infrared ray absorption portion and 
the temperature detecting portion, and can make the 
area of tfie infrared ray absorbing portion for deciding 
the fill factor effectively Therefore, the image element of 
the invention is effective for higher sensitization. 

In order to solve the above mentioned problem, tine 
two-dimensional infrared focal plane array of the inven- 
tion is a two-dimensional infrared focal plane array com- 
prising temperature detecting units in which the 
temperature detecting units are arranged for every pixel 
in a two-dimensional anangement on a semiconductor 
substrate, the temperature detecting unit being formed 
integrally with a thermal type light detector and a means 
for detecting a change in characteristic of the thermal 
type tight detector, the change being caused by an inci- 
dent infrared ray. 

wherein a tmiperature detecting portion which is sup- 
ported by support legs comprising a high thermal resist- 
ance material capable of controling a heat fk)w to the 
semiconductor substrate and has a temperature detect- 
ing element and an infrared ray absorbing portion 
which is spliced by at least one splicing pillar with the 
temperature detecting element are provided for every 
pixel on the semiconductor substrate. 

It is desirable for making the thermal resistance 
larger ttiat the temperature detecting portion is provided 
above tiie cavity portion which is formed in the senncon- 
ductor sut)strate. 



It is desirat)le for inaeaisihg the optical al)Sorption 
tfiat the infrared ray absorbing structure comprising of 
ttie reflection film and ttie interlayer insulating film is 
provided on at least one part of the infrared ray absort>- 
5 ing portion. 

It is desirable for increasing the optical at>sorption 
that the optical resonant structure comprising tiie reflec- 
tion film, tiie interlayer insulating film and the melat 
infrared ray ak)sorption thin film is provided on at least 
10 one part of the infrared ray absorbing portion. 

It is desirable in terms of the simplified manufactur- 
ing process that at least one part of the splidng pillar is 
made of the same material as the infrared ray absorbing 
portion. 

15 It is desirable in terms of the simplified manufactijr- 
ing process that optical resonant structure comprising 
the reflection film, tiie interlayer insulating f 9m and the 
metal infrared ray absorbing thin film is provided on at 
least one part of the infrared ray at)Sorbing portion, and 

20 the splicing pillar is formed in one body with the metal 
infrared ray absorbing film. 

It is desirable in terms of thermal capacity reduction 
that at least one part of the splicing pillar is formed of 
the same material as the infrared ray absorbing portion 

25 and the portion, in contact with the temperature detect- 
ing portion, of the infrared ray absorbing portion is 
removed. 

It is desirat^e in terms of enlarged wide selection in 
reduction of the etching unnecessary to tiie suttstrate 

30 and the selection of the manufacturing process that at 
least one etching hole penetrating from the infrared ray 
absort)ing portion to the cavity portion is provided in the 
vicinity of the center of the cavity portion. 

It is desirable in terms of enlarged wide selection in 

35 reduction of tiie unnecessary etching of tiie substrate 
and the selection of tiie manufacturing process tiiat the 
etching stop layer is provided of a material resistant to 
the etcharitwhich is employed when fbrmij fig the cavit y 
portion in the sernicoiWluctor substrafe arouria tne c&/^ 

40 ity portion. 

It is desirat)le to compose a bolometer witti a mate- 
rial which cannot t)e used in the semiconductor process 
tiiat the tenperature detecting element is formed on the 
surface of the infrared ray absorbing portion. 

45 it is desirak)le in terms of the wide selection of the 
etcNng method for forming the cavity portion and in 
terms of the effective use of an area by arrangement of 
one portion of the components of the readout circuit in 
the area under .tiie cavity portion that the temp^-ature 

50 detecting portion is provided above the readout circuit 
on the senvconductor substrate. 

It is desirat)le in terms of increasing the c^cal 
absorption that the infrared ray absorbing stiiJCture 
comprising the reflection film and Interlayer insulating 

55 film is provided on at least one part of the infrared ray 
at)sort)ing portion. 

it is desirable in terms of inaeasing optical absorp- 
tion that the optical resonant stnicture comprising the 
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reflection film, irrterlayer insulating film and the metal 
infrared ray absorbing film is provided on at least one 
part of the infrared ray at}sorbing portioa 

It is desirable in terms, of the manufacturing step 
simplrfication that at least one part of the splicing pillar 
is made of the same material as the infrared ray absort> 
ing portion. 

It is desirat)le in terms of manufacturing step simpli- 
fication that the optical resonant struc^re comprising 
the reflection film, irrterlayer insulating film and the 
metal infrared ray at)sorbing film is provided on at least 
one part of the infrared ray absortxng portion, and the 
splicing pillar is formed in one body with the metal infra- 
red ray absort)ing film. 

it is desirable in terms of detecting effectively the 
temperature change that the bolometer thin film is pro- 
vided as the temperature detecting element. 

It is desirable in terms of effective detection of the 
temperature change that the fenroelectric substance 
having a pyroelectric effect is employed as the tempera- 
ture detecting element. 

It is desirable in terms of effective detection of the 
temperature change that a thermopile is emplc^ed as 
the terrperature detecting element. 

it is desirable in terms of the temperature equality of 
the detector portion that the splicing pillar is provided 
below a position adjacent to the center of the gravity of 
the infrared ray absorbing portion. 

It is desir^le that the tiiermal resistance of the 
splicing pillar is smaller than the thermal resistance of 
the support leg. 

A manufacturing metliod of two-dimensional infra- 
red focal plane anay of tiie Invention comprising: 

a) on a s^iconductor substrate, a step of forming 
a signal readout circuit, then forming an insulating 
film, contact portions, further forming metal wirings 
and a temperature detecting element, and covering 
with a protective Insulating film as a whole; 

b) a step of forming sacrifice layer on the protective 
insulating film, remdving an area for fonning a splic- 
ing pillar layer photolithography technique, the 
area being oh^ of the saaifice layer, then filling a 
material to k}e the splicing pillar layer into the 
removed area; 

c) on the sacriTice layer and tiie splicing pillar layer, 
a step of fonning a thin fflm to be an infrared 
absori:>ing portion, then patterning for dividing the 
infrared ray ak)sorbing portion for every pixel; 

d) a step of etching the sacrifice layer to remove; 

e) a step of etching the silicon substrate to form a 
cavity portion in said sflicon substrate. 

K is desirable in terms of simplified formation of the 
infrared ray absorbing portion that a step of an etchback 
operation of the surface of the sacrifice layer and the 
splicing pillar to flatten the surface thereof, of the above 
described b) step is included. In the above desaibed e) 



step, it is desirable 

to manufacture the size of the cavity portion with 
proper oontrolUng property that the cavity portion is 
formed to effect an anisotropic etcNng operation of the 
5 semiconductor sut)strate. 

It is desirable in terms of sufficient etching speed to 
effect an anisotropic etching portion with either of potas- 
sium hydroxide, and tetramethyl ammonium hydroxide 



10 Rg. 1 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type light detector is employed 
according to one of the embodiment of tiie present 
invenion; 

75 Fig. 2 is a plan view illustrating the pixel in the two- 
dimensional infrared focal plane array except for the 
infrared ray absorbing portion in which thermal type 
light detector is employed according to one of tiie 
emtxxjiment of the present invention; 

so Rg. 3 is a plan view illustrating the arrangement of 
tiie pixels in the two-dimensional infrared focal 
plane array in which tiiermal type detector is 
employed according to one of the embodiment of 
the present invention: 

25 Rgs. 4(a) through 4(c) are cross-sectional views 
fllustrating the process for the pixel in the two- 
dimensional infrared focal plane array in which ther- 
mal type detector is employed according to one of 
tiie emdobiment of the present invention; 

30 Rgs 5(a) and 5(b) are cross-sectional views illus- 
trating the process for the pixel in the two-dimen- 
sional infrared focal plane an^y in which thermal 
type detector is employed according to one of tiie 
emdobiment of tiie present invention; 

35 Rg. 6 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another^mbodmentof the present inven tion; 
Rg. 7 is a 'cross^sectional view illu^ating the pixel 

40 in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another emtKxJiment of the present invention; 
Rg. 8 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 

45 which tiiermal type detector is employed according 
to anottier embodiment of the present invention: 
Rg. 9 is a cross-sectional view illustrating the pix^ 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 

so to anotiier embodiment of the present invention; 

Rg. 10 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 

55 Rg. 1 1 is a cross-sectional view illustrating tiie pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to anottier embodiment of the present invention; 
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Fig. 12 is a cross-sectional view Illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 13 is a cross-sectional view illustrating the pixel s 
in the two-dimensional infrared focal plane array in 
which thermal type detector is emplc^ed according 
to another embodiment of the present invention; 
Rg. 14 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in io 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 15 is a aoss-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according is 
to another emtxxJiment of the present invention; 
Rg. 16 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is emplc^ed according 
to another emtxxiiment of the present invention; 20 
Rg. 1 7 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 18 is a cross-sectional view illustrating the pixel 25 
in the two<limensional infrared focal plane array in 
which thermal type detector is employed according 
to another emlxxJiment of the present invention; 
Rg. 19 is a cross-sectional view illustrating the pixel 
in the two-dimensional infrared local plane array in 30 
which thermal type detector is employed according 
to another embodiment of the present invention; 
Rg. 20 is a aoss-sectional view illustrating the pixel 
in the two-dimensional infrared focal plane array in 
which thermal type detector is employed according 35 
to another emt>odiment of the present invention; 
Rg. 21 is a perspective view illustrating the struc- 
ture of pixel in the conventional two-dimensional 
infrared focal plane array in which thermal type 
detector is employed; 40 
Rg. 22 is a cross-sectional view illustrating the 
structure of the pixel in the conventional two-dimen- 
sional infrared focal plane array in which thermal 
type detector is employed; 

45 

Entbodiments according to the present invention 
will be described below referring now to the accompany- 
ing drawings. 

Embcxiim^nt 1 so 

Rg. 1 is a sectional view illustrating the sectional 
structure along a current route of one pixel of the two- 
dimensionai infrared focal plane array using the thermal 
type light detector in the embodiment 1 of the invention. 55 
Referring now to the drawing, a signal readout circuit 
provided on the silicon substrate 1. irrelevant directly to 
the invention, is omitted for brief explanation. In Rg. 1. 



reference numeral 1 shows a silicon substrate as a 
semiconductor suljstrate. Reference numeral 1 1 shows 
a tx)lometer thin film as a tenperature detecting ele- 
ment for detecting the temperature change. Reference 
numerals 21 and 22 show support tegs. The support 
legs are provided on the cavity portion 200 formed in the 
silicon substrate 1 and floats the temperature detecting 
portion 300 including the bolometer thin f Om. Reference 
reimerals 31 and 32 show metal wirings. The metal wir- 
ing is made of, for example, aluminum, titanium, tung- 
sten, and titanium nitride or the like and connects the 
bolometer thin film 1 1 with the readout circuit Refer- 
ence numeral 100 shows an insulating film (protective 
insulating film). Reference numeral 1 10 shows an insu- 
lating f Dm. Two insulating films, made of silicon dioxide 
(Si02) film or silicon nitride (SiN) f Dm or the like, which 
is respectively a material, large in thermal resistance, 
for controlling the outward flow of the heat (heat flow) 
into the silicon sut)strate. The two insulating films sup- 
port the temperature detecting portion, composing tiie 
mechanical structure of the support legs 21. 22 and the 
temperature detecting portion 300. Reference numerals 
121 and 122 show contact portior^ for connecting tiie 
metal wirings 31 and 32 with the signal readout circuit 
and can be formed t>y a sputter method and a CVD 
method by using tiie aluminum and tungsten. Reference 
numeral 130 shows an infrared ray at^rbing portion for 
absorbing the infrared rays and converting them into 
heat. It can be formed by the CVO method by using sDi- 
con dioxide (SiO^, silicon nitride (SiN) and so on. Fur- 
thermore, the infrared absortnng portion can be 
composed of a laminated film of tfie silicon dioxide and 
tiie silicon nitride. Reference numeral 140 shows a 
splicing pillar. The splicing pillar retains the infrared ray 
absort^ng portion away from the temperature detecting 
portion 300 and thermally couples the infrared ray 
absorbing portion 130 with tiie temperature detecting 
portion 300. It can be formed by the CVD method or the 
like by usin^theTsIlicon dioxide and Silicon fiitirlSirFuF*'^ 
tiiermore, tiie splicing pillar can be composed of a lami- 
nated f Dm of the silicon dioxide and the silicon nitride. 
Reference numeral 200 shows a cavity portion formed 
witNn the silicon sut)strate 1. Reference numeral 300 
shows a temperature detecting portion. The thermal 
type light detector, as in the conventional one, at)SOft)S 
the infrared rays, when the infrared rays are irracfiated. 
to raise the temperature and detect the temperature 
changa In the invention, the thermal type light detector 
is composed of tiie infrared ray at^rbing portion ard 
the temperature detecting element. The temperature 
detecting element detects the temperature change. The 
temperature change caused by tiie infrared ray absorth 
ing portion through the incident infrared rays is transmit- 
ted tiirough the splicing pillar. The temperature change 
is detected by the detection of the characteristic change 
such as electric resistance change. A means for detect- 
ing the characteristic change caused in the temperature 
detecting element is composed of the metal wiring, tiie 



5 



9 



EP08S9 413A2 



10 



signal readout circuit and the contact portion: In the 
invention, a material to be used as the temperature 
detecting element is a ix)lometer thin fOm. feroelectric 
sut>stance having pyroelectric effect or thermopile or 
the like. An example of a material of the bolometer thin 
film comprises vanadium oxide, polycrystalline silicon, 
amorphous silicon or the like. An example of the ferroe- 
lectric substance having the pyroelectric effect com- 
prises lead zirconate titanate (PZT). lead titanate (PT). 
and bamm strontium titanate (BST). The example of 
the thermopile material comprises spii Jng between p- 
type silicon and n-type polycrystalline s''tcon and splic- 
ing of polycrystalline silicon and aluminum. Further- 
more, in the two-dimensional infrared focal plane anray 
device according to the invention, the thermal type light 
detector and a means for detecting the characteristic 
change of the thermal type light detector by the incident 
infrared rays are accumulated to compose the tempera- 
ture detecting unit and the temperature detecting unit is 
arranged in two-dimension for each of the pixels on the 
silicon substrate. 

Rg. 2 is an explanatory plan view illustrating the 
planar layout of the portion, except for the infrared ray 
at>sort)ing portion 130, of one pixel in the two-dimen- 
sional infrared focal plane array shown in Fig. 1 . In Rg. 
2. reference numeral 1000 shows one pixel. Reference 
numeral 400 shows one portion of a signal readout cir- 
cuit comprising a MOS transistor and a diode placed in 
the pixel portion. Reference numeral 500 shows a signal 
line for readout of the signals. Reference numeral 600 
shows a control dock path line for controlling the signal 
readout circuit 400. Reference numeral 33 shows a 
metal wiring for connecting the signal readout drcuit 
400 with the control clock path line 600. Reference 
numerals 123 and 124 show contact portions for con- 
necting the metal wiring 33, the signal readout circuit 
400 and the control dock path line 600. The other por- 
tions are represented with the same reference numerals 
as those shown in Fig. 1 . 

In the two-dimensional infrared focal plane array of 
the invention, a means for detecting the characteristic 
change of the thermal type light detector by the inddent 
infrared rays, composed of metal wiring, signal readout 
circuit and contact portions, is provkied in each pixel In 
such a manner that the means and the thermal type 
light detector is integrated and is ananged in two- 
dimension for each of the pixels on the silicon sut>strate 
as the semiconductor substrate. The temperature 
detecting portion 300 Is composed of two insulating 
films 100, 1 10 and a bolometer thin film 1 1. The bolom- 
eter thin film is supported as a mecfianical structure 
body by means of the structure with the insulating film 
100 arranged in the upper layer and the insulating film 
110 arranged in the bwer layer. The temperature 
detecting portion has a splidng pillar formed on the 
insulating film 100 and receives the heat from the infra- 
red absorbing portion 130 through the splk»ng paiar. 
The resistance change in the bolometer thin f 9m caused 



by the heat is caused between a sigial Bne 500 through 
the metal wiring 31 and the contact portion 121, and a 
signal readout drcuit 400 through the metal wiring 32 
and the contact portion 122. The support leg 21 Is a 

5 mechanical structure txxJy with the metal wiring 31, 
whk;h is interposed between two insulating films 100 
and 110. and the support leg 22 is also a mechanical 
structure txxjy as in the support leg 21. Each of the 
insulating film of several hundreds nanometers is 

70 formed approximately 1 through 3 jxm in width, and 
approximately 1 ^ in the total of the thidqiess. Two 
support legs 21 and 22 support the tenperature detect- 
ing portion 300 and the metal wiring 31 and 32 to float 
them on the cavity portfon 200. The temperature detect- 

15 ing portion 300, as a mecfianical structure body, the 
support legs 21 and 22 composed of two insulating films 
100 and 110 support the infirared ray absortxng portion 
supported by the bdometer thin film 1 1 and the splicing 
pillar 140. and the splidng pillar 140. The support legs 

20 21 and 22 are composed of an insulting film made of a 
material, large in thermal resistance, for controlling the 
outward flow of the heat into the silicon sut)strate as 
desCTibed abova Furthermore, to make the thermal 
resistance larger, the length can be made suffk^ient by 

25 making the metal wirings 31 and 32 crawl meanderingly 
as shown in Rg. 2. 

Fig. 3 is a plan view illustrating a condition vt^ere 
plural pixels shown in Fig. 1 and Fig. 2 are an^anged on 
the silicon sut)strate (not shown), with one portion of the 

30 anrangementofpixetsof 2 x4and each of four adjacent . 
infrared ray absorption portion for brief explanation. 
Refening now to Fig. 3. rectangular portions 1000 
through 1007 shown in broken lines show the same pix- 
els as the pixels shown by numeral 1000 in Rg. 2 and 

35 the structure of the interior of the pixel is omitted except 
for the splicing F»llars 140 through 147 sfiown in solid 
lines. In Rg. 3, the rectangular portk>ns 130 through 137 
shown in solid jines are infrared ray absort)ing po rtions 
shown at 130 0f Fig." 1 . TlieTnfrared ray absortSng pof- 

40 tion is supported away from the silicon substrate by the 
splk:ing pillars 140 through 147. The pixels 1000 
through 1007 formed on the surface of the silicon sub- 
strate and the infrared ray absorbing portions 130 
through 137 may be deviated as shown in the drawing. 

45 without being formed on the same area superposed in 
plane. 

As shown in the drawing, each area of the infrared 
. ray at)sorbing portions 130 through 137 is an area 
except for slight space among the infrared ray light 
so receiving elements from the pixel area and the fill factor 
of the portion becomes much larger. Thus, although 
there is conventionally limitation that the area of the 
infrared ray absorption portion cannot be made larger 
because of infrared ray absoibing portk)n and the tepn- 
55 perature detecting portion as one unit the present 
inventk>n can make the area of the infrared ray absort>- 
ing portion larger. 

The operatk)n of the pixel of the tw(Hiimensbnal 
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infrared focal plane array in which the themfial type light 
detector is employed according to the invention will be 
now desabed. The infrared rays are incident from the 
side of the infrared ray at>sorting portion 130. The inci- 
dent infrared rays are at)Sorbed by the infrared ray 5 
absorbing portion 130. and the temperature off the infra- 
red ray absorbing portion 130 is raised. The tenpera- 
ture change in the infrared ray absort^ing portion 130 is 
transmitted to the tenperature delecting portion 300 
through the splicing pillar 140 to raise the temperature 
in the temperature detecting portion 300. The tiiermal 
resistance of the splicing pillar 140 is designed smaller 
as compared with the thermal resistance of the support 
legs 21 and 22. 

The thermal capacity totaled in three structure IxxJ- 
ies of the temperature detecting portion 300. the splic- 
ing pillar 140 and the infrared ray absorfcHng portion 130, 
and the time constant to be decided by tiie thermal 
resistance of the support legs 21 and 22 are designed 
to be shorter than the frame time (time required to re£KJ 
all the signals equivalent to one picture area portion or 
time required to read the signals of aU the pixels of the 
focal plane array). The tenperature rise in the tenpera- 
ture detecting portion 300 becomes almost tiie same as 
the temperature rise in the infrared ray absortsing por- 
tion 130. Therefore, as the effective fill factor is decided 
by the area of the infrared ray at>sorbing portion 130. 
the fill factor can be made much larger as descrbed 
above. 

Next, the method for manufacturing the two^fimen- 
sional infrared focal plane array in the structure of the 
embodiment will be described hereinafter. Figs. 4(a) 
through 4(c) and Rgs. 5(a) and 5(b) are sectional views 
illustrating the steps for manufacturing one pixel of the 
two-dimensional infrared focal plane array in the 
embodiment. Referring to Fig. 4{a). a signal readout cir- 
cuit (not shown) is formed on the silicon sut>strate 1. 
and then the insulating film 110. the contact portions 
121 and 122 are formed. Then, the metal wirings31 and 
32. and ttie bolometer thin film 1 1 are formed. Finally, a 
condition where the surface Is covered with the insulat- 
ing fim (protective insulating film) 100 is shown. The 
structure described so far can be made easily by using 
the art used in tfie general senaconductor manufactur- 
ing process. 

In Fig. 4(b). a sacrifice layer 1 70 to be removed at a 
later step is formed oh the structure shown in Rg. 4(a). 
A portion for forming a splicing pillar in the sacrifice 
l^er 170 is removed by the photolithography technique 
so as to bury the removed portion with a material of 
which tiie splicing pillar is formed. A material to be used 
fa a saaif ice layer can t>e any one which is an etchant. 
in forming the splicing pillar, wvhich is hard to etch the 
splicing pillar and can be etched easily. When the sacri- 
fice layer is made of the polycrystaRine silicon, the sili- 
con dioxide (Si02) or tiie like can be provided. Also, the 
thickness of the sacrifice layer is approximately 1 
through 2 ^m. In tivs step, it is desirable to flatten the 



i^permost surtoe with the etchback technique or the 
tike so that it is flattened. Before forming the saaif ice 
layer, the silicon substrate is etched, and an etching 
window for forming the cavity portion 200 wittiin the sub- 
strate is formed with the insulating films 100 and 1 10 in 
such a manner as to be partially removed with the pho- 
tolithography technique. 

In Rg. 4(c). a thin film which is to be tiie infrared ray 
absorbing portion 1 30 is formed on the structure of Fig. 
4(b) and is patterned so as to separate tiie infrared ray 
at)Sort)ing portion for each of the pixels for planar layout 
shown in Rg. 2. 

Rg. 5(a) shows a condition where tiie sacrifice layer 
170 is etched from the opening portion on the periphery 
of the infrared ray atDSort)ing portion 130 so as to float 
the portion under the infrared ray at)Sorbing portion 130 
from tiie silicon substrate 1 witti the splicing pillar 140 
remaining unchanged. 

Rg. 5(b) shows one pixel structure of the two- 
dimensional infrared focal plane array of the invention in 
the final step as shown in Rg. 1. In the previous step, 
tiie silicon surface of the etching hole portion in the s9i- 
con sut>strate described in the step of Rg. 4(b) is 
exposed. Rg. 5(b) shows a condition where the cavity 
portion 200 is formed in the silicon substrate in such a 
manner tiiat the silicon substrate is etched from the por- 
tion. The anisotropic etching operation can be per- 
formed with the delayed etching speed when (111) 
aystal surface is exposed onto the surface, by using a 
liquid such as potassium hydroxide (KOH). tetramethyl 
ammonium hydroxide (TMAH) in tiie etching of silicon. 
The sectional cavity portion can be made as shown 
without being enlarged widely from the constant size of 
the surface shape of the cavity portion with using the sil- 
icon substrate having the (100) crystal face to be gener- 
ally used in the MOS semiconductor element or the 
CMOS semiconductor element 

Although one splicing pillar is descnT> ed in tfi e 
entoodimeht. the^lidng pillar can I5e rnade^pTural. Th^ 
same things can be in common about all the embodi- 
ments. 

AHhough the position ol the splicing pillar when 
seen in plane is optional, and the infrared ray absorbing 
portion can be supported in the mechanical structure, a 
position is desirable where large temperature distiritxj- 
tion is not caused in the infrared ray absoit>ing portion. 
A position for the splicing pillar for satisfying the condi- 
tions is optimum below the position adjacent to the 
center of the gravity of the infrared ray absoit)ing por- 
tion. The situation can be applied commonly about all 
the embodiments shown hereinafter. 

The splicing piOar is fonmed in a shape the aoss 
section of which is a rectangle or a drde. The shape 
can be optional. The lengtti of the longer side of the rec- 
tangle is approximately several miaometers. The diam- 
eter of the circle approximately several micrometers. 
Hereinafter, ttie length of tfie longer side of the rectan- 
gle or the diameter of the drcule is referred to as a pillar 



15 



20 



25 



30 



35 



40 



45 



SO 



7 



13 



EP0859413A2 



14 



size in cross section. On the other hand, the height of 
the splicing pillar is referred to as a pillar size in height 
The thermal resistance can be designed to be provkJed 
which is sufficiently smaller as oonpared with the ther- 
nial resistance of the support legs for thermally coining 5 
the temperature detecting portion with the silicon sut>- 
strate so that significant difference may not t>e caused In 
temperature between the infrared ray at)Sort>ing portion 
and the temperature detectir^ portioa The same things 
can be commonly applied to about all the emtxxfiments w 
shown hereinafter. 

Embodiment 2 

Rgs. 6(a) and 6(b) are each sectional view of one is 
pixel showing another embodiment of the two-dimen- 
sional infrared focal plane anay using the thermal type 
light detector acconjing to the invention. Referring now 
to the drawings, reference numeral 150 shows a metal 
reflection film as a reflection film. Reference numeral 20 
160 shows a metal infrared ray absorbing film. In the 
embodiment, an optical resonant structure is formed as 
the infrared ray at>sorbing portbn conprising three- 
layer structure in such a manner that a thin metal reflec- 
tion film 150 is provided under the infrared ray absortv 25 
ing portion 130 and an extremely thin metal infrared ray 
absort)ing film 160 provided atx>ve the infrared adsorth 
ing portion. Although not shown above, the structure 
can t>e an infrared ray absorbing one of two layers with 
the metal reflection film 150 provided under the Infrared 30 
ray absorbing portion 130. According to the embodi- 
ment, the infrared rays can be at)sorbed efficiently as 
compared vtdth the pixel of the structure shown in Rg. 1 . 
The metal reflection film 1 50 is made of aluminum or the 
like, and is several hundreds nanometers in tfuckness. 35 
The metal infrared ray absorbing film 1 60 is made of. for 
exanple. nickel chromium alloy or the like and is several 
nanometers in thickness. The sheet resistance is desir- 
able to be approximately 377 a Although not shewn, 
arK)ther insulating film can be formed as an interlayer 40 
insulating film further under the metal reflection film 
150. Stiir another insulting film may be formed as the 
interlayer insulating film further uiider themetai reflect 
tion film 1 50 and oh the metal infrared ray aljsorbing film 
160.. The other insulating film is suitable which lias a 45 
function of protecting the metal reflection film 1 50 in the 
sacrificing etching operation. For example, silicon diox- 
ide (Si02) or the like can be used. A position where the 
infrared ray ai)Sorbin9 structure is provided by the infra- 
red ray absoitxhg structure of such two-layer structure so 
or the optk:al resonant structure of three-layer struchjre 
can be only one portion of the infrared ray absorbir>g 
portion. The same thing can be sakj as in the emkxxii- 
ment, except for provision of tiie infrared r^ absorbing 
structure or the optical resonant structure in the infrared 55 
ray absorbing portioa 

Even in the conventional embodiment shown in Rg. 
22. the optical resonant structure is formed of the rdlec- 



tion f3m 970. Although the effect of the optical resonant 
structure depends upon the distance between the 
reflection film and the absorber, it is difficult to control 
the effect of the infrared ray at>sorption caused by the 
optical resonant structure, because in the conventional 
system, the distance becomes one between the metal 
reflection film 970 and tiie infrared ray detector portion 
910 and the support legs can be deformed due to the 
inner stress of the film. On the cAher hand, in the struc- 
ture shown in Rg. 6, the effect of the infrared ray 
absorption by the optical resonant structure is easy to 
control, because the effect is dependent upon tfie film 
thickness of the infrared ray ak>sort>ing portion 130 and 
the film thkdmess of the metal infrared ray absorbing 
fOm 160. 

Emt)0diment3 

Rg. 7 is a sectional view illustrating the sectional 
sb-ucture of one pixel of the two-dimensional infrared 
focal plane array in which tiie thermal optical detector in 
another embodiment of the invention is employed. In 
Fig. 7, reference numeral 330 shows an infrared ray 
akksorbing portion where the splicing pillar in the embod- 
iment 1 is formed in one body with the same compo- 
nents as those of tiie infrared ray absoiting portion. In 
tiie embodiment, instead of the spridng pillar 1 40 shown 
in Fig. 1 . the splicing between the infrared ray absoibing 
portion and the temperature detecting portion is com- 
posed of a structure formed in one txxly with the infra- 
red ray at>sorbing portion 330. The splicing pillar is the 
same as in tiie emkxxfiment 1. except that the structure 
is formed in one body with the infrared ray absoibing 
portion. 

Rg. 8 is a sectional view illusb'ating the embodi- 
ment with one portion of the infrared ray at>sorbing por- 
tion 330 shown in Rg. 7 being removed. Referring to the 
drawing, reference nunieral 340 shows an infra red ray 
afcsoibing portion wfbse one portion, "r.e.7 a "pbhiDn 
(near a central portion of the temperature detecting por- 
tion) in contact with the temperature detecting portion, 
of the infrared ray absorbing portion 330 in the embodi- 
ment 2. Removing operation can t>e performed by a 
photolithography technique as a renwing method. In 
tiie sti-ucture. tfie thermal capacity of ttie infrared ray 
at)Sorl3tng portion can be reduced, because one portion 
in the infrared ray absorbing portion in contact with the 
temperature detecting portion 300 as shown in Fig. 8 is 
removed. 

Embodiment 4 

Rg. 9 is a sectional view illustrating of one pixel of 
tiie two-dimensional infrared focal plane array in which 
tiie thermal type light detector in another embodiment of 
tiie invention is employed. Referring to Rg. 8. reference 
numeral 331 shows an infrared ray at>sortoing portion. 
Reference numeral 350 shows a metal reflection film. 
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Reference numeral 360 shows a metal infrared ray 
absorbing film. Ihe same item shown in the embod'h 
ment 2 and the emixxiim&it 3 can be used for the metal 
r^lection film and the m^l infrared ray absorbing film. 
In the embodiment 4, the splicing operation of the infra- 5 
red ray absofting portion 130. the metal reflection film 
150 and the metal infrared ray absorbing film 160 and 
the temperature detecting portion 300 in the embodi- 
ment 2 is constructed through a structure formed in one 
body with the use of the infrared ray absorbing portion, 10 
the metal reflection film and the metal infrared ray 
absoibing film, instead of the splicing pillar 140 shown 
in Rg. 6. Namely, at least one portion of the splicing pil- 
lar is formed of the same material as that of the infrared 
ray absorbing portion. The embodiment is the same as 15 
in the other embodiments 1 through 3 in the exception 
tfiat the optical resonant structure is provided in the 
infrared ray absorbing portion and the splicing pillar is 
conrposed of the structure in one body with the one 
body structure between the infrared ray absorbing por- 20 
tion and the optical resonant structure. The infrared ray 
absorbing portion 331 . tiie metal reflection film 350 and 
the metal infrared ray absorbing film 360 can be formed 
into the sti'ucture in one kxxfy by the CVD method or a 
sputter method. Even in the structure, the center of the 25 
temperature detecting portion can be exposed with tiie 
infrared ray absorbing portion 331 in contact with the 
tenrperature detecting portion 300. tiie metallic reflec- 
tion film 350 and tiie metal infrared ray absorbing film 
360 partially removed as shown in ttie embodiment 3. 30 
Alttiough not shown, another insulating fflm (intedayer 
insulating film) can be formed under the metal reflection 
film 350 and on the metal infrared ray absorbing film 
360. Also, a position where the absortiing structure of 
the infrared ray by the optical resonant structure of 35 
three>layer structure is provided can be provided with 
only one portion in the infrared ray absoibing portion as 
shown in the embodiment 2. 

EmtytfimgntS 40 

Rg. 10 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array where 
the material of the splicing pillar in the embodiment 2 is 
changed. In Rg. 10, reference numeral 335 shows an 45 
infrared ray absorbing portion. Reference numeral 355 
shows a metal reflection film. Reference numeral 365 
shows a metal infrared ray at>sorbing film with the splic- 
ing pillar formed in one body as one body structure with 
the metal reflection film 355. In this case, the metal so 
reflection film 355 is desirable to be aluminum as a 
material for strengtti necessary to support the infrared 
ray absoibing portion. Also, the pillar size in aoss sec- 
tion is desirable to be several miaometers and tiie pillar 
size in height is desirable to be 1 through 2 urn. In the 55 
embodiment, to form as one body structure with the 
splicing pillar and the metal reflection film, the portion 
fa forming the splicing pillar of the sacrifice layer is 



removed with the photolithogr^y technique. After the 
removed portion is fOled with aluminum, i.e., a material 
for forming the metal reflection fOm, the metal reflection 
film has only to be formed continuously. The manufac- 
turing step can be simplified by ttie formation In this 
manner. 

Embodiments 

Rg. 1 1 is a sectional view illustrating one pixel of 
the two-dimensional focal plane array where the metal 
reflection film is provided only under the infrared ray 
absorljing portion with the shape of the splicing pillar 
changed in the embodiment 4. In Rg. 11. reference 
numeral 336 shows an infrared ray absorbing portion. 
Reference numeral 356 shows a metal reflection film. 
Reference numeral 366 shows a metal infrared ray 
absortnng film with the splicing pillar being formed of the 
same components as those of tiie infrared ray at)Sorb- 
ing portion and the metal infrared ray absorbing film. 
Namely, at least one portion of the splicing pillar is 
formed of the same components as those of ttie infrared 
ray at>sorbing portion. In this case, to obtain strength 
necessary for supporting the infrared ray at)sori3ing por- 
tion, siGcon doxide (SiOa) or silicon nitride (SiN) or a 
laminated film comprising tiiem is desirable as a mate- 
rial used for the infrared ray absorbing portion. Also, the 
pillar size in cross section is desirable to be several 
micrometers and the pillar size in height is desirable to 
be 1 through 2 fim. In the embodiment, to form the splic- 
ing pillar with the same components as those of the 
infrared ray absorbing portion and the metal infrared ray 
absortxng film, the portion for fbmiing ttie splicing pillar, 
of the saaif ice layer, is removed with ttie photollttiogra- 
phy technique. The metal reflection film and the metal 
infrared ray ak>sorbing film have only to be formed on 
ttie removed portion and the sacrifice layer after the 
metal ref le^ipn f ilm has-been form^ on th e saalflce 
layer except for the rerndved portion, the manuScturihg" 
step can be simplified by ttie formation in ttils manner. 

Enrtbodiment7 

Rg. 12 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array using the 
thermal type figfit detector according to another embod- 
iment of the invention. A signal readout circuit provided 
on the silicon substrate, which is not related directiy to 
the invention is omitted for simplification. In Rg. 12. ref- 
erence numeral 2 shows a silicon substrate as the sem- 
iconductor siibstrate. Reference numeral 710 shows a 
temperature detecting portion. Refer^ce numeral 711 
shows a tx>lorneter thin film as ttie tenperature detect- 
ing element fbr detecting ttie temperature change. Ref- 
erence numerals 721 and 722 show support legs. The 
support legs are provided on the cavity portion 790 
formed on the silicon subsbrate 2 and float ttie tenrpera- 
ture detecting portion 710 including the bolometer tfun 
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film. The temperature detecting portion is formed to be 
positioned abo\^e the readout circuit formed on the sili> 
con sul)strate. Reference numerals 731 and 732 show 
metal wirings and the metal >virings connect the tx^om- 
eter thin film 711 with the readout drcoit Reference 
numeral 750 shows an Insulating film (protective insulat- 
ing film). Reference numeral 760 shows an insulating 
film. Two insulating f 0ms are composed of silicon diox- 
ide film and silicon nitride film which are large in thermal 
resistance. The two insulating films support the tenrper- 
ature detecting portion by composing the mechanical 
structure, i.e. the support legs 721 . 722 and the temper- 
ature detecting portion 710. Reference numerals 771 
and 772 show contact portiorts for connecting metal wir- 
ings 731. 732 and the signal readout circuit. Reference 
numeral 130 shows an infrared ray absorbing portion for 
absorbing the infrared rays and converting them into 
heat Reference numeral 140 shows a splicing pfllar. 
The splicing pillar retains the infrared ray at>sorbing por- 
tion away from the temperature detecting portion 710 
and also, couples the infrared ray absorbing portion 130 
with the temperature detecting portion 710 tiiermally. 
Reference numeral 780 shows an insulating film. Refer- 
ence numeral 790 shows a cavity portion formed on the 
silicon substrate 2. A material and a forming method to 
be used for respective portions are the same as in the 
enixxiiments 1 through 6. A means for detecting the 
characteristic change in the thermal type light detector 
by the incident infrared ray is the same as in the enbod- 
iments 1 through 6 in that it is composed of metal wiring, 
signal readout circuit and contact portion. Also, the tem- 
perature detecting portion 710 is composed of two insu- 
lating films 750. 760. and the bolometer thin film 711. 
The lx>lometer thin film is the same as in the entxxli- 
ments 1 tiirough 6 even in that the tx>lometer thin film is 
supported as the mechanical structure body by the 
structure where tiie insulating film 750 is provided on it 
and the insulating film 760 is provided under H Two- 
dimensional infrared focal plane array in this embodi- 
ment is in structure where tiie infrared ray absorbing 
portion 130 is provided shown in the embodiment 
through tiie splicing pillar 1 40 on the structure except for 
the metal reflection film 970. of the structure of the con- 
ventional two-dimensional infrared focal plane anray 
shown in Fig. 22. with the same structure as in the 
embodiments 1 tiirough 6. To form the infrared ray 
absorbing portion and the splicing pillar, the same oper- 
ation can be performed as in tiie embodiment 1. 

Emtxxliment 8 

Rg. 13 is a sectional view illustrating one pixel of 
the two^ihfiensional infrared focal plane array in which 
the thermal type light detector according to anottier 
embodiment of the invention is enployed. The two- 
dimensional infrared focal plane array in this emkxxli- 
ment is constructed so that the infrared ray absorbing 
portion 330 of structure in one body where the splidng 



pillar between the infrared ray absorbing portion 130 
and tiie temperature detecting portion 300 is formed in 
one body witii the same components as those of tiie 
infrared ray absorbing portion 130. instead of the splic- 

5 ing pillar 140 shown in Rg 12. on tiie structure (except 
for the metal reflection film 970) of the conventional two- 
dimensional infrared focal plane array shown in Rg. 22, 
witti tiie ottier structure being tiie same as that of tiie 
embodiment 7. To form the splicing pillar into structure 

70 in one body with the infrared ray at»sortMng portion, the 
operation can be effected as in the entxxJiment 3. 

Emtxxfimentg 

15 Rg. 14 is a sectional view illustrating one pixel in 
the two-dimensional infrared focal plane array in which 
a thermal type light detector according to another 
emtKxJiment of the invention is employed. The two- 
dimensbnal infrared focal plane array according to the 

20 embodiment is constructed to form the optical resonant 
structure as the infrared ray at>sorbing portion of three- 
layer structure with the infrared ray absorbing portion 
130. the metal reflection film 150 and the metal infrared 
ray absorbing film 160 provided through the splicing pil- 

25 lar 140 and tiie splicing pillar on the structure of tiie con- 
ventional two-dimensional infrared focal plane anray 
shown in Rg. 22. Also, although not shown, the metal 
reflection film 150 can be made into an infrared ray 
absorbing portion of two-fayer' under the infrared ray 

30 absorbing portion 130. It is ttie same as the embodi- 
ment 6 with tiie exception ttiat the infrared ray absorbing 
portion has the infrared ray absorbing structure or tiie 
optical resonant structure. AHhough not shown, another 
insulating film may be formed under the metal reflection 

35 film 150 of tiie infrared ray at)sorbing structure or 
another insulating film may be formed under the metal 
reflection film 1 50 of tiie optical resonant stucture and 
on the metal ipfrared ray gjsorbing film 160. A^. a 
position where the absorbing structure of the infrared 

40 ray is provided t)y the infrared ray absorbing structure 
oompdsing two-layer structure or the optical resonant 
structure comprising three-layer structure is provided 
can be only one portion of the infrared ray al^sorbing 
portion. 

45 

Errtoodiment 10 

Rg. 15 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array in which 

so a thermal type light detector according to anottier 
embodiment of the invention is employed. The two- 
dimensional infrared focal plane anray according to tiie 
embodiment is the one body sti^ucture where the infra- 
red ray absorbing portion 331. tiie metal reflection film 

55 350 and the metal infrared ray absorbing film 360 are 
fonmed in one body on tiie structure (except for tiie 
metal reflection film 970) of tiie conventional two-dimen- 
sional infrared focal plane anray shown in Rg. 22. At 
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least one portion of the slicing pillar is formed of the 
same material as that of the infrared ray absorbing por- 
tion and the infrared ray absort>ing portion with the opti- 
cal resonant structure attached to it. composed of the 
metal reflection film 350 and the metal infrared ray 5 
al)sorbing film 360. with other strw^re which is the 
same as that of the emtxxJiment 9. Also, although not 
shown, another insulating film may be formed under the 
metal r^lection f flm 350 and on the metal infrared ray 
al)soibing f Sm 360. Also, a position where the absorbing 10 
structure of the infrared ray t>y the optical resonant 
structure of three-layer structure is provided can be only 
one portion of the infrared ray absortxng portion. Also, 
in this embodiment one portion in the infrared ray 
absorbing portion in contact with terrperature detecting 15 
portion can be removed to reduce thermal capacity of 
the infrared ray absort>ing portion, as is the case with 
Fig. 8 of EmIXKiiment 3. 

EmtXKliment 11 20 

Fig. 16 is a sectional view illustrating one pixel of 
the two-dimensional infrared focal plane array with the 
material of the splicing pillar in the embodiment 9 being 
changed. Referring to Fig. 16. the metal reflection film 25 
355 is formed as one body structure with the splicing pil- 
lar on the conventional two-dimensional infrared focal 
plane array (except for the metal reflection film 970) 
shown in Fig. 22. A method of forming it in this manner 
is the same as that of the entbodiment 5 with other 30 
structure being the same as in the embodiment 9. 
Although not shown, another insulating film can be 
formed under the metal reflection film 355 and on the 
metal infrared ray absort^ing film 365. Also, a position 
where the absortiing structure of the infrared ray by the 35 
optical resonant structure of three-layer structure is pro- 
vided can be only one portion of the infrared ray absort)- 
ing portion. Also, in this emtxxliment. one portion in the 
infrared ray al)Sorbing portion in contact with the tem- 
perature detecting portion can be removed to reduce 40 
thermal capacity of the infrared ray absorbing portion, 
as is ttie case with Rg. 8 of Entxxlimenl 3. 

Embodiment 12 

45 

Fig. 17 is a sectional view illusti^ating one pixel of 
the two-dimensional infrared focal plane array where 
the metal reflection film 356 is provided under the infra- 
red ray absorbing portion with the shape of the splicing 
pillar in tiie entKxIiment 1 0 being changed. Referring to so 
Fig. 17, tfie splicing pillar is formed of the same conpo- 
nenls as those of tiie infrared ray absorbing portion and 
the metal infrared ray absorbing film 366. Namely, at 
least one portion of the spficing pillar is fbmied with ttie 
same material as that of the infrared ray absorbing por- 55 
tion. A method of forming it in this manner is tfie same 
as tiiat of the enixxfiment 5 with other stnjcture bang 
the same as in the embodiment 10. AKhough not 



shown, another insulating film can be formed under the 
metal reflection film 356 and on the metal infrared ray 
absort)ing film 366. Also, a pcsition where tiie absorbing 
structure of the infrared ray by tiie optical resonant 
structure of three-layer structure is provided can be only 
one portion of the infrared ray at)sort>ing portion. 

Embodiment 13 

Fig. 18 is a sectional view illustrating one pixel of 
tiie two-dimensional infrared focal plane array accord- 
ing to the embocfiment with ttie position of tiie t)olometer 
thin film of the emtxxtiment shown In Fig. 7 being 
changed. Referring to the drawing, reference numeral 
12 shows a kx)lometer thin film as a temperature detect- 
ing element. Reference numerals 125 and 126 show 
contact portions. Reference numeral 332 shows an 
infrared ray absorbing portion formed as structure in 
one body as tiie spGcing pillar. Referring to tiie embodi- 
ment, instead of a splicing pillar 140 as in the embodi- 
ment shown in Fig. 7, the splicing between the infrared 
ray alDSorbing portion 332 and the temperature detect- 
ing portion 300 is constructed as one body sti-ucture. 
with the splicing pillar being formed in one body with the 
same components as tiiose of tiie infrared ray absort)- 
ing portion 332. The bolometer tiiin film 12 is formed on 
the upper surface of the infrared ray absorbing portion 
332andisconnected with the metal wiring 31 witti con- 
tact portion 125, and is connected with the metal wiring 
32 by tiie contact portion 126. The embodiment is tiie 
same as in the embodiment 3 with exception in tiiat the 
kx)lometer thin film 12 is formed on the upper surface of 
tiie infrared ray absorbing portion. 

Even in tiie sti^uctijre, one portion of the infrared ray 
absortxng portion 332 in contact with the temperature 
detecting portion 300 can k>e removed. 

Embodiment 14 ^ _ l^^, 

Fig. 19 is a sectional view illustrating one pixel of 
the two<limensional infrared focal plane array when an 
Isotitjpic etching operation is adopted as an etching 
metiiod for a silicon sut)strate. Referring to the drawing, 
reference numeral 3 shows a silicon sut)strate as a 
semiconductor substirate. Reference numeral 13 shows 
a bolometer tiiin film as a temperature detecting ele- 
ment Reference numeral 180 shows an etching hole. 
Reference numeral 201 shows a cavity portion. Refer- 
ence numeral 333 shows an infrared ray absoit)ing por- 
tion. Reference numeral 441 shows a splidng pillar. 
Even in this embodiment, a material and a forming 
metfiod to l>e used for formirig the respective portions 
are the same as in the emtxxfiment 1. In this embodi- 
ment, an etching hole 180 is provided witii respect to 
the silicon substrate in a portion positioned approxi- 
mately near the center of the cavity portion for forming 
within tiie silicon aibstrate. The etching hole 180 is 
approximately several micrometers in diameter and 
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penetrates to the cavity portion 201 from the infrared ray 
absorbing portion 333. When etching the silicx}n through 
the etching hole 180 before the sacrifice layer 170 
shown in Rg. 4 is removed, the isotropic etdvng is per- 
formed as shown in the drawing, and the cavity portion 
201 Is formed as shown. The isotropic operation can l>e 
performed through the anisotropic etching by potassium 
hydroxide and tetramethyt ammonium hydroxide. Fig. 
19 is a sectional view illustrating the structure where an 
etching hole is provided in accordance with Fig. 1. It is 
possible to change the structure through provision of 
the same etching hole even with respect to the structure 
shown in Fig. 6. Fig. 7. and Rg. 8. Although an etching 
hole 180 is formed through the splicing pillar 140 in the 
structure shown in Rg. 19. the etching hole is rK3t 
required to extend through the splicing pillar 140. For 
example, it can be provided except a location where the 
support legs are provided. Also, a plurality of etching 
holes can be provided near the center of the cavity por- 
tion 201. In this case, the sacrifice layer 170 can be 
removed after the formation of the cavity portion within 
the substrate, thus allowing wide selectfon in the manu- 
facturing step. 

Errtoodiment 15 

Fig. 20 is a sectional view illustrating the structure 
when an isotropic etching is adopted as the etehing 
method for the silicon substrate. Referring to the draw- 
ing, reference numeral 4 shows a silicon sut>strate as a 
semiconductor substrate. Reference numeral 190 
shows an etching stop layer Reference numeral 202 
shows a cavity portfon. fik shown in the drawing, an 
etching stop layer 190 is formed to stop the etching on 
the periphery of the cavity portion 202. As a material for 
forming the etching stop layer 190, as a material resist- 
ant to the etchant to be used in the formation of the cav- 
ity portion, can be used, for example, a silicon fOm oxide 
and a p-doped impurity layer of the high density formed 
by ion introducing can be used, and can be filled into the 
silicon substrate during the step of providing the readout 
circuit 

Although botorneter thin film is used as the temper- 
ature d^ecting element for detecting the temperature 
change in all the embodiments shown so far, the inven- 
tion can obtain the same effect even when the afore- 
mentioned pyroelectric txxiy. thermopile or the like as a 
means for detecting the temperature diange. 

Among the embodiments, the most prefenred 
embodiment in the practical use is one in which the 
infrared ray absort>ing portion and the temperature 
detecting portion in accordance with the embodiment 1 
or 11 are formed respectively in layers different from 
each other. In such embodiment the mfrared ray 
absorbing portion is composed of a material capable of 
allowing optical designing possible so as to at>sorb the 
infrared rays, it is composed of the silicon dioxide (SiOa) 
or silicon nitride fomied by the CVD method or of the 



laminated films thereol The splicing pillar can be pro- 
duced of silicon dioxide, alicon nitrkie ard these lami- 
nated films by the CVD method in which strength 
sufficient in mechanical structure and small thermal 

5 capacity can be realized. In the temperature detecting 
element the botomete- thin film is desirat)le. As the 
material of the bolometer thin film can be used vana- 
dium oxide; polycrystalline silicon or amorphous siOoon 
which is large in resistance temperature coefficient and 

10 is advantageous for realization of the higher sensitivity. 
An area of the infrared ray absortnng portion at this 
time is 48 |im, wherein the size of the pixel is 50 pm, and 
the width of the patterning operatioi of the infrared ray 
absorbing portion by photolithography is 2 ^m. The fOI 

15 factor t^eoomes as extremely large as 92 % as com- 
pared with the conventional structure so that the higher 
sensitivity can be achieved. 

in the invention, the infrared ray absorbing portion 
and the temperature d^ecting portion are formed as dif- 

20 ferent layers as described al^ave, and the splicing pillar 
is provided by means of mecfianically and thermally 
coupling the infrared ray ak>soibing portion and the tem- 
perature detecting portion. Therefore, the infrared ray 
absorbing portion can t>e designed independently from 

25 the designing of the temperature detecting portion, thus 
realizing the higher fill factor and higher sensitivity. 

The two-dimensional infrared focal plane array 
according to the invention is siqsported with support 
legs made of a material, larger in thermal resistance, for 

30 controlling the outward flow of the heat into the semi- 
conductor substrate. The temperature detecting portion 
including the temperature detecting element and tiie 
infrared ray absorbing portion having the temperature 
detecting portion connected ttirough at least one splic- 

35 ing pillar are provided on the semiconductor substrate. 
Since tiie splicing pillar is provided by means of 
mechanically and tiiermally coupling the temperature 
detecting porti^ the infrared ray absorbing^rtj oncan 
be designed independentiV of the designing oftenpSa- 

40 ture detecting portion, so that tiie higher fill factor and 
the higher sensitivity can be realized. 

Since the temperature detecting portion is provided 
on the cavity portion formed in the semiconductor sub- 
strate, higher sensitivity with large themnal resistance 

45 can be realized. 

Since the two<fimensional infrared focal plane 
array according to tiie invention has the infrared ray 
absorbing stixicture comprising reflection film and inter- 
ia^er insulting film provided on at least one part of the 

50 infrared ray absorption portion, the absorption of the 
infrared rays is easy to be controlled, witii an effect of 
absorbing the infrared ray more effectively for higher 
sensitivity. 

Since the two-dimensional infrared focal plane 
55 array according to tiie invention has c^tical resonant 
structure comprising the reflection film, interiayer insu- 
lating f Hm and tiie metal infrared ray absorbing f am pro- 
vided on at least one part of ttie infrared ray absorbing 
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portioa the absorption of the infrared ray is easier to t)e 
controled. the infrared rays can be absorbed much more 
efficiently with higher sensitivity. 

Since at least one -portion of the splicing pillar is 
made of the same materia) as the infrared ray at^rbing s 
portion, the manufacturing step can be simplified. 

An optical resonant structure comprising the 
reflecting film, the interlayer insulating fBm and the 
metal infrared ray absorbing film in provided on at least 
one portion of the infrared ray absortang portion, and 10 
the splicing pillar is formed in one body with the metal 
infrared ray absorinng film, so that the manufacturing 
step can be simprrfied. 

Since at least one part of the splidng pilar is 
famed of the same conponents as the infrared ray is 
absorbing portion, the portion toeing in contact with the 
temperature detecting portioa of the infrared ray 
absorbing portion, is removed higher sensitivity through 
reduction in the thermal capacity of the infrared ray 
absorbing portion can be obtained. 20 

Since in the two-dimensional infrared focal plane 
array according to the invention, the etching hole pene- 
trating from the infrared ray absort)ing portion to the 
cavity portion is provided in the vicinity of the center of 
the cavity portion, the unnecessary etching of the sut)- 2S 
strate is reduced, allowing wide selection for the manu- 
facturing step. 

Since the two-dimensional infrared focal plane 
array according to the invention has an etching stop 
layer comprising a material resistant to the enchant 30 
which is employed when fornrting the cavity portion 
witiiin the semiconductor substrate around the cavity 
portion, the unnecessary etching of the substrate is 
reduced, allowing wide selection of the manutecturing 
step. 35 

Since the tenperature detecting element is formed 
on the surface of the infrared ray absorbing portion, tiie 
infrared focal plane array in which the botometer mate- 
rial which can not be used in the semiconductor process 
can be employed. 40 

Since in the two-dimensional infrared focal plane 
array according to the invention the tenperature detect- 
ing portion is formed above the readout circuit on the 
semjcondudor sul)strate. wide selection of the etching 
method for forming the cavity portion is possible and 4s 
effective use of an area by ananging of one portion of 
the components of tiie readout circuit in the area under 
the cavity portion. 

Since the temperature detecting portion has the 
infrared ray absoit>ing structure comprising tiie reflec- so 
tion film and the interlayer insulating film Is provided on 
at least one part of the infrared absort)ing portion, tiie 
absorption of tfie infrared ray is easy to fc>e controled. 
and the higher sensitive operation is obtained by 
absorbing the infrared rays more effidently. ss 

Since the temperature detecting portion has optical 
resonant structure comprising tiie reflection fOm. the 
interlayer insulting film and the metal infrared ray 



absortxng film is provided on at least one portion of the 
infrared ray absort)ing portion, the at)sorption of the 
infrared rays is easy to be controled. and tiie higher sen- 
sitive operation is obtained by absorbing the infrared 
rays more efficiently 

Since at least one portion of the spficing pillar is 
made of the same materia) as the infrared ray absorbing 
portion, tiie manufacturing step can be simplified. 

Since tiie optical resonant structure comprising the 
reflection film, tiie interlayer insulating film and the 
metal infrared ray absorbing film is provided on at least 
one part of tiie infrared ray absorbing portion, and the 
splicing piDar is formed in one kxxjy with the metal infra- 
red ray absorbing film, the manufacturing step can be 
simplifed. 

Since the bolometer thin film is provided as the tem- 
perature detecting element in the two-dimensional infra- 
red focal plane array according to the invention, tiie 
temperature change can be detected effectively 

Since in the two-dimensional infrared focal plane 
anray accading to the invention ferroelectric f 9m having 
pyroelectric effect may be adopted as the temperature 
detecting element, tiie temperature change can be 
detected effectively. 

Since in the two-dimensional infrared focal plane 
array according to the invention tiie thermopile may be 
adopted as the temperature detecting element tiie tem- 
perature change can be detected effectively 

Since in the two-dimensional infrared focal plane 
array according to the invention, the splicing pillar is pro- 
vided below a position adjacent to the location of the 
center of the gravity of the infrared ray absort^ng por- 
tion, ttie infrared ray absorbing portion in structure can 
be stabilized. 

Since in ttie two-dimensional infrared focal plane 
array according to the invention, the thermal resistance 
in the splicing pillar is smaller ttian the tiierma) resist- 
ance in tii^^p£>qrt Jeg, an effect thatjempeja tijre in the 
temperature detecting'portion is maSe eqikl. ~ 

According to ttie manufacturing method tor ttie two- 
dimensional infrared focal plane array of the invention 
comprising: 

a) on a sen^conductor si^Dstrate. a step of forming 
a signal readout circuit tiien forming an insulating 
ffOm, contact portions, further forming metal wirings 
and a temperature detecting element and covering 
witti a protective insulating film as a whole; 

b) a step of fomung sacrifice layer on said protec- 
tive insulating film, removing an area for forming a 
splicing pillar layer by photolrttiography technique, 
said area being one of said sacrifice layer, then fDl- 
ing a material to be said splicing pillar layer into said 
removed area: 

c) on said sacrifice layer and said splicing pillar 
layer, a step of forming a thin film to be an infrared 
absorbing portion, tiien patterning for deviding said 
kifrared ray atisorbing portion for every pixel; 
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d) a step of etching said sacrifice layer to remove; 

e) a st^ of etching said silicon sut)strate to form a 
cavity portion in said sificon substrate, k)etter manu- 
facturing productivity can t>e otilained. 

Since a manufacturing method of the invention 
comprises a step of flattering the surfece of the sacri- 
fice layer and the splicing pillar through an etdiback 
operation, of the b) step, an effect of simplifying the for- 
mation of the infrared ray absorbing portion. 

Since the manufacturing method of the invention 
comprises a step of forming the cavity portion through 
anisotropic etching operation of the semiconductor sut)- 
strate in the e) step, manufacturing the shape of the 
cavity portion with better controliing property can be 
obtained. 

Since the manufacturing method of the invention 
comprises a step of performing anisotropic etching 
operation with the use of either of potassium hydroxide, 
and tetramethyl ammonium hydroxide, the etching oper- 
ation of the cavity portion can be simplified. 

Though several embodiments of the present inven- 
tion are described atx>ve, it is to be understood that the 
present inventbn is not limited only to the above-men- 
tioned, varbus changes and modifications may be 
made in the invention without departing from the spirit 
and scope thereof. 

A two-dimensional infrared focal plane anray com- 
prising temperature detecting units in which the temper- 
ature d^ecting units are arranged for every pixel in a 
two-dimensional arrangement on a semiconductor sutv 
strate. the temperature detecting unit being formed inte- 
grally with a thermal type light detector and a means for 
detecting a change in characteristic of the thermal type 
light detector, the change being caused by an incident 
infrared ray, 

wherein a temperature detecting portion which is siq> 
ported by support legs comprising a high thermal resist- 
ance material capable of controling a heat f bw to the 
seniiconductor substrate and has a temperature detect- 
ing element, and an infrared ray absorbing poirtion 
which is spliced by at least one splicing pillar with the 
tennperature detecting element are provided for every 
pixel on the senrticonductor substrate. 

Claims 

1. A two-dimensional infrared focal plane array com- 
prising tenrperature detecting units in which said 
temperature detecting units are ananged for every 
pixel (1000 to 1008) in a two-dimensional arrange- 
ment on a semiconductor sut>strate (1 to 4). said 
temperature detecting unit being formed integrally 
with a fliermal type light detector and a means for 
detecting a change in characteristic of said thermal 
type light detector, said change being caused by an 
incident infrared ray, wherein a temperature detect- 
ing portion (300 to 710) which is supported by sup- 



port legs (21. 22. 721 and 722) compr^ng a high 
thermal resistance material capattle of controling a 
heat flow to said senvcondtcta sut)strate and has 
a temperature detectmg element and an infrared 
5 ray absorbing portion which is spTiced by at least 
one splicing pillar (140 to 147 and 441) with said 
tenperature detecting element are provided for 
every said pixel on said semiconductor substrate. 

10 2. The two-dimensional infrared focal plane array of 
Claim 1, wherein said temperature detecting por- 
tion is provided above a cavity portion (200 to 202 
and 790) which is formed in said semiconductor 
sut)strate. 

15 

3. The two-dimensional infrared focal plane array of 
Claim 1, wherein said temperature detecting por- 
tion is provided above a readout circuit (400) on 
said semiconductor sut>strate. 

20 

4. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3. wherein an infrared absorbing 
structure comprising a reflection film (150, 350, 355 
and 356) and an interlayer insulating film is pro- 

25 vided on at least one part of said infrared ray 
ak>sorbing portion. 

5. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein an optical resonant 

30 Structure comprising a rdlection film (1 50, 350, 355 
and 356). an interlayer insulating film and a metal 
infrared ray absorbing film (160, 360. 365. 366) is 
provided on at least one part of said infrared ray 
absorbing portion. 

35 

6. The two-dimensional infrared focal plane array of 
Claim 2 or Claim 3, wherein at least one part of said 
splicing pijipr is rpade of the same material as saM 
Infrared ray attsorbing portion. " ' ~ 

40 

7. The two-dimensfonal infrared focal plane anray of 
Gaim 2 or Claim 3, wherein an optical resonant 
structure comprising a reflection film, an interlayer 
insulating film and metal infrared ray absorbing fOm 

45 is provided on at least one part of said infrared ray 
absorbing pation, and said splicing pillar is formed 
in one body with said metal infrared ray absbrt>ing 
fflm. 

so 8. The two-dimensional infrared focal plane array of 
Claim 2 or Qaim 3. wherein an etching stop layer 
(190) is provided of a material resistant to an etch- 
ant which is employed when forming said cavity 
portion in said semiconductor substrate around 

55 said cavity portion. 

9. The two<fimer)sfonal infrared focal plane array of 
Claim 1 . wherein a bolometer thin film (1 1 to 1 3 and 



14 



27 



EP0859413A2 



71 1) IS provided as said temperature detecting ele- 
ment 

10. A manufacturing method for a two-dimensional 
infrared focal plane amayconprising: s 

a) on a semiconductor sut^strate (1). a step of 
forming a signal readout circuit (400), then 
forming an insulating film (110). contact por- 
tions (121 and 122). further forming metal wir- io 
ings (31 and 32) and a tenperature detecting 
element (1 1). and covering with a protective 
insulating film (100) as a whole; 

b) a step of forming sacrifice layer (1 70) on said 
protective insulating film, removing an area for is 
fornvng a splicing pillar layer by photolithogra- 
phy technique, said area being one of said sac- 
rifice layer, then filling a material to be said 
splicing pillar layer into said removed area; 

c) on said sacrffice layer and said splicing pillar 20 
layer, a ^ep of forming a thin film to be an infra- 
red absorbing portion (130). then patterning for 
dividing said infrared ray absort>ing portfon for 
every pixel; 

d) a step of etching said saaifice layer to 25 
remove; 

e) a step of etching said silicon substrate to 
form a cavity portion (200) in said silicon sub- 
strate. 
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(54) Infrared focal plane array 

(57) A two^imensional infrared focal plane array 
comprising temperature detecting units in wtiich the 
temperature detecting units (300) are arranged for 
every pixel in a tuvo-dmenaonal arrangement on a sem- 
iconductor substrate (1). the temperature detecting unit 
being formed integrally with a thermal type light detector 
and a means for detecting a change in characteristic of 
the thermal type light detector, the change being 
caused by an incident infrared ray. 
wherein a temperature detecting portion which is sup- 
ported tsy support legs comprising a high thermal resist- 
ance material capable of controling a heat flow to tiie 
semiconductor substrate and has a temperature detect- 
ing element, and an infrared ray at)sorting portion (130) 
which is spliced by at least one splicing pillar (140) with 
the temperature detecting element are provided for 
every pixel on the semiconductor substrate. 
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